Abstract: Headwater streams are important resources in production of organic matter, but zooplankton of headwater streams has rarely been studied. In the present study spatial changes in zooplankton communities between upper headwater forest section and downstream meadow section of four small streams were examined (NW Poland). The environmental conditions of stream riparian zone, e.g., the presence of leaf litter, pools, slackwaters and wetlands had a great influence on the spatial changes in zooplankton. Low gradient of stream bed, longer water residence time and larger surfaces of wetlands and slackwaters also positively affected zooplankton communities, especially in the meadow section. Along the streams, from the stream headwater to the downstream-meadow section, significant spatial changes in zooplankton communities were observed. Significantly higher number of taxa and density of zooplankton were observed in meadow sections than in headwater forest sections. In the forest sections, there was a definite domination of benthic and littoral rotifers in the zooplankton composition, while in the meadow sections, planktonic rotifers dominated. Cladocerans were observed only in downstream meadow section; two littoral species Coronatella rectangula and Peracantha truncata and one planktonic Daphnia magna which probably were washed from close pools of small stagnant water bodies. Copepods were noted along the entire length of streams. The occasional presence of planktonic rotifers in the forest section was probably caused by their washout from a few small stagnant water bodies.
Introduction
According to the River Continuum Concept (RCC), the environmental character of particular sections depends on the geographical position and the environmental conditions in the whole catchment area (Vanotte et al. 1980; Statzner & Higler 1985) . These conditions influence the five main factors shaping the lotic systems, distinguished by Statzner (1987) : 1) temperature regime, 2) discharge regime and structure of the substratum, its stability, interactions between aquatic environment and organisms, atmosphere, hyporheal and turbidity, 3) light regime, 4) nutrients affecting primary production, 5) input of allochtonous organic matter. These factors could affect directly and indirectly the riverine zooplankton communities. However, the running waters and, in particular, streams are not the preferred habitat of most zooplankton, so diversities and abundances are relatively low (Philips 1995; Allan 1998) . The main reasons are water current, turbidity and the lack of food, which provide an unfavourable environment for these communities (Winner 1975; Rzoska 1978; EjsmontKarabin & Kruk 1998) . Ejsmont-Karabin (1993) claims that density and species-rich zooplankton communities can develop only in river impoundments with retention times of 10 days or more. It is well known that riverine zooplankton is dominated by rotifers, slightly less abundant are nauplii Copepoda, and adult crustaceans, especially Cladocerans, reach the lowest densities (e.g., Basu & Pick 1996; Walks & Cyr 2004) . The main reasons for such a pattern of abundance are short water residence time (Basu & Pick 1996; Baranyi et al. 2002) and the presence of planktivorous young stages of fish, that preferably feed on the largest plankters omitting the small rotifers which are left as dominating the zooplankton communities in rivers (Jack & Thorp 2002; Chang et al. 2008) . Different taxonomic groups of zooplankton show different responses to the water residence time. In large rivers when the water residence time is short, the small plankters, e.g., rotifers dominate in zooplankton communities, while when the water residence time is long the dominating taxa are larger crustacean species (Baranyi et al. 2002) . So, in the streams where the water residence time is very short there is high dominance of rotifers and the physical conditions of the stream, including current velocity, discharge and morphometrics have the strongest influence on the composition of drifting zooplankton (Vranovský 1995; Basu & Pick 1996; Walks & Cyr 2004) . Despite low densities, the riverine zooplankton still make an important component of headwater streams. Nevertheless, zooplankton has practic 2013 Institute of Zoology, Slovak Academy of Sciences Zooplankton community changes in small headwater streams 449 cally not been taken into regard in investigation of headwater streams. For example, the evaluation of the upper sections of rivers according to RCC has been based mainly on an increase in the amount of macroinvertebrates between upstream and downstream ( Vanotte et al. 1980 ) disregarding plankton whose amount also increases (Statzner & Higler 1985) . Most of the studies on ecology of headwater streams or upper sections of rivers have concerned macroinvertebrates (e.g., Cummins et al. 1984; Allan 1988; Böhmer et al. 2003; Šporka & Krno 2003; Thorp et al. 2006; Mendoza-Lera et al. 2012) .
Running waters are open aquatic ecosystems, closely connected to terrestrial biotopes through their long riparian zones (Ward et al. 2002; Šporka & Krno 2003) . Thus, the main sources of invertebrates in riverine ecosystems as well as in headwater streams are floodplains, wetlands or slackwaters from which zooplankton and zoobenthos are washed into the main channel (e.g., Lair 2004; Nielsen et al. 2005; Humphries et al. 2006) . Depending on the amount of zooplankton carried from the riparian zone into the main channel, zooplankton may significantly influence the trophic dynamics and activity patterns of feeding macroinvertebrates and planktivorous fish in headwater stream communities (Todd & Stewart 1985; Schram et al. 1990; Kruglova 2008) . Headwater streams are not only an important source of macroinvertebrates but also a source of zooplankton in the lower sections of streams In 1985, Statzner & Higler (1985) claimed that knowledge of the ecology of pristine headwater stream was scarce and that on pristine rivers was almost nonexistent. Nowadays this knowledge is relatively deeper, especially for macroinvertebrate communities, in contrast to zooplankton communities. The first studies concerning stream zooplankton appeared in 1943 (Pennak 1943) . Only in the last 20 years more studies have been made on zooplankton in small streams, nevertheless the zooplankton communities in headwater streams are still poorly understood (e.g., Schram et al. 1990; Richardson 1992; Allan 1998; Ejsmont-Karabin & Kruk 1998; Schram et al. 1998; Smith et al. 2001; Kruglova 2008; Czerniawski & Pilecka-Rapacz 2011; Czerniawski 2012) .
According to Ejsmont-Karabin & Kruk (1998) , the natural landscape plays a very important role in the shaping of zooplankton communities in streams. Even streams which drain catchments dominated by similar land use activities have different and specific rotifer assemblages. Thus it can be concluded that even the habitats patchiness of some short sections of the same stream, can have a significant impact on longitudinal changes in zooplankton taxa number and density in this stream.
The aim of this study was to examine the spatial changes in zooplankton communities taking place between the upper forest section of headwater streams and their lower meadow section and to find out which environmental conditions most affect the zooplankton communities in these streams. 
Material and methods
The study was performed on the four small streams, Trawna, Smerdnica, Chojnówka and Rudzianka, in the beech forest "Beech Hills" near Szczecin agglomeration, NW Poland (GPS: 53
• 21 09 N; 14 • 39 05 E). These streams are the tributaries of the lower Oder River. The altitude of the headwaters of the streams are from 95 to 110 m a.s.l. The samples were collected from 6 sites on each stream (Fig. 1) . Each stream was divided into two sections. In the first forest section 5 sites were selected. These 5 sites of the first section of the stream were ca 250-300 m from each other. The first site of the forest stream section was located ca. 50-70 m from the headwaters. The last site (site 5) of the forest section was located before the meadow stream section. This second section; the meadow section was ca. 2.5-3.0 km long. The sixth site was in the meadow stream section. Near the forest stream section, small slackwaters and small puddles were rare. In the upper part of Smerdnica the area of headwaters was the largest, so in Smerdnica the highest discharge was observed. There was a relatively high water volume in the riparian zone of the meadow section, which hindered the access to the stream. For this reason, I decided to select only one site in an available site of meadow section, at the end of the meadow section (site 6). The riparian zone in the meadow stream section was covered by meadows, relatively large areas of wetlands, and slackwaters, especially in spring. In each meadow section, above site 6, there was at least one small (ca. 0.05-0.1 ha), decorative backyard and fishless, people-made pond. The ponds were connected by inlet and outlet with a stream. Each stream was fishless. In running waters, planktivorous fish strongly reduce the number of plankters (Jack & Thorp 2002; Chang et al. 2008) .
Samples of zooplankton were collected monthly from April to October, 2009. At each site 50 L of water were collected with a bucket from the stream drift. The water was filtered through a 25 µm mesh net. Then, the sample was fixed in a 4-5% formalin solution. A Glass Sedgewick Rafter Counting Chamber was used for the counting. For identification, a Nikon Eclipse 50i microscope was used. Species identification was made using the keys of Wagler (1937) , Kutikova (1970) , Harding & Smith (1974) , Radwan (2004) , Van Damme & Dumont (2008) , Rybak & B lędzki (2010) and Hudec (2010) . The rotifer species Brachionus sp., Filinia sp., Keratella sp., Polyarthra sp., Pompholyx sp. were included to planktonic taxa (Kutikova 1970; Ricci & Balsamo 2000; Radwan 2004; Zhou et al. 2008 ).
Measurements of temperature, pH, conductivity, and dissolved oxygen at the sites were made using an oxygen content meter and pH meter CX-401 made by Elmetron (Poland). The content of nitrites, nitrates, orthophosphates Explanations: F-S -forest section; M-S -meadow section. Explanations: F-S -forest section; M-S -meadow section. Fig. 2 . Mean taxa number and abundance + SD of total zooplankton at sites in study sections. With the asterix the significant differences between forest section sites (S1, S2, S3, S4, S5) and site in the meadow section (S6) were marked; ** P < 0.01.
and suspended solids were measured by a photometer DR-890 made by Hach Lange GmbH (USA). At each site, the velocity, width, and depth were measured using the electromagnetic water flow sensor OTT Hydromet (Germany), to determine the discharge of water. Mean values ± SD of abiotic variables are shown in Table 1 . For comparison of the taxonomic composition of zooplankton between sites, the Jaccard index was applied (Schwerdtfeger 1975) . The statistical significance of the differences in some properties of the zooplankton community between sites was tested by analysis of variance ANOVA. The Duncan post-hoc test was used as a pairwise test. In order to determine the influence of the environmental variables on the abundance of zooplankton the Canonical Correspondence Analysis (CCA) (Oksanen et al. 2006 ) was applied.
Results
In the streams examined, 30 taxa of zooplankton were observed; 22 belonged to rotifers, 3 to cladocerans and 5 to copepods. Among rotifers, 8 planktonic species were noted, the rest were the species associated with the bottom of the stream. The majority of the planktonic species were caught at site 6 (in the meadow section). However, Keratella cochlearis was observed even in the upper headwater section of the streams (site 1 and 2 in Smerdnica and Trawna). Copepoda were observed in the entire length of the streams. In Chojnówka, adult Thermocyclops crassus were observed even at site 1 (headwater section). Cladocerans were observed only at the last site; site 6 (in the meadow section). Moreover, in stream Chojnówka in September small density of Daphnia magna was noted -0.1 ind. L −1 . Bdelloidea occurred at each site of each stream (Table 2, 3). The Jaccard similarity between sites in each stream was rather low. Taxonomic similarity was the lowest between the last site, no. 6, and sites in the forest section (Table 4) . The mean taxa number in the forest section was significantly lower than in the meadow section (Fig. 2) . The highest number of taxa was definitely represented by rotifers (Fig. 2) . Also, in each stream treated separately, the mean number of zooplankton taxa in each forest section was significantly lower than in the downstream in the meadow section (site 6) (P < 0.01) (Fig. 3) .
The mean abundance of total zooplankton in the forest section was significantly lower than in the meadow section (Fig. 2) . Abundance of rotifers achieved the highest values in comparison to those of the other groups (Fig. 2) . In the meadow section, the percentage contribution of crustaceans in the total abundance of zooplankton, was higher than in the forest section (Fig. 2) . The abundance of crustaceans was determined by copepod nauplii. The species number and abundance of zooplankton increased slightly in the forest section (from the headwater to site 5, before the meadow site). Only at site 6 (below the meadow site), the abundance of zooplankton was significantly higher.
In each stream treated separately, the mean zooplankton abundance did not differ significantly (P > 0.05) between the forest section sites, but the mean abundance of zooplankton taxa was significantly lower in each forest section than in each meadow section . CCA constrained ordination of the samples and taxa from sites in the study streams, log transformed data. Square -Chojnówka, circle -Smerdnica, triangle-Trawna, rhombi -Rudzianka; numbers indicate the sites; roman numbers indicate months. Environmental variables: NO3 -nitrate, NO2 -nitrite, PO4 -orthophosphates, Cond -conductivity, S.S. -suspended solids, O2 -dissolved oxygen, Temp -temperature, Disch -discharge, Veloc -current velocity. Taxa: Bdel -Bdelloidea, Bry.ten -Bryceella tenella, CephCephalodella sp., Clad -cladocerans, Col -Colurella sp., Cop.adt -adult copepods, Cop.cop -copeodids, Cop.nau -nauplii copepods, Ker -Keratella sp., Lec -Lecane sp., Lep -Lepadella sp., Not.squ -Notholca squamula, Poly -Polyarthra sp., Pom.sul -Pompholyx sulcata.
(site 6) (P < 0.01) (Fig. 4) . In the forest section of each stream, a higher abundance of zooplankton occurred in the spring months (from April to June) (Fig. 5) . In the forest section, especially in its upper part, the zooplankton was observed till summer months (Fig. 5) . The most visible decline of zooplankton abundance from summer months was observed in Trawna and Chojnówka (Fig. 5) .
CCA of the samples and taxa from sites in the streams examined revealed that pH, conductivity, content of nitrate, discharge and temperature were best correlated with the first axis. The content of nitrates, nitrites and orthophosphates were best correlated with the second axis (Fig. 6 ). Both axes explained 28.4% of the variability in zooplankton abundance. The most pronounced correlations of abundance and environmen-tal variables were those between the abundance of cladocerans and temperature in meadow-section, adult copepods and discharge also in meadow-section and in last site of forest-section in Smerdnica, and planktonic rotifers with nitrites, nitrates and orthophosphates rather in meadow-section.
Discussion
The authors who examined the zooplankton of running waters have always reported a much higher abundance and number of rotifer species than those of crustaceans. Moreover, the abundance of crustaceans is determined by copepod nauplii. It is true both in small and in large rivers in which the water residence time is short (e.g., Lair 2004; Walks & Cyr 2004; Basu & Pick 1996; Baranyi et al. 2002; Kruglova 2008; Czerniawski & Domaga la 2010; Czerniawski & Pilecka-Rapacz 2011) . In the small forest-meadow streams studied in this work, the same pattern was noted, with a greater abundance and number of species in meadow section surrounded by a wetland area than in the forest section. According to Ejsmont-Karabin & Kruk (1998) , forest-marsh streams are characterized by a higher number of rotifer species in comparison to forest-meadow or agricultural streams. In streams or rivers, low densities of large plankters can be a result of the presence of planktivorous fish. These fish greatly reduce the species richness and abundance of zooplankton (Walks & Cyr 2004; Chang et al. 2008; Czerniawski & Pilecka-Rapacz 2011) . The streams studied in this work were fishless. Despite this fact, the number of crustacean species was also very low, especially in the forest sections. But it should be noted that number of species and abundance of zooplankton were mainly made of benthic and littoral species of rotifers. These were species that could be detached from the substrate by current. Some authors have also found out that in small streams, littoral and benthic rotifers dominate (e.g., Schram et al. 1998; Smith et al. 2001; Kruglova 2008; Czerniawski & Pilecka-Rapacz 2011) . However, Ejsmont-Karabin & Kruk (1998) found the highest numbers of planktonic species at the forest-marsh sites, whereas littoralplanktonic species dominated in streams in the forestmeadow area, and littoral species were most abundant in agricultural areas.
According to RCC the farther from the stream headwater, the greater the amount of suspended solid particles in water (Vanotte et al. 1980 ). This pattern refers to both inorganic and organic matter, among which drifting zooplankton plays an important role. Similar pattern of the species number and zooplankton abundance increase was observed along the examined streams. As depth and width increase, the amount of wetlands and slackwaters also increases. The main sites of zooplankton reproduction in riverine ecosystems are floodplains, wetlands, slackwaters or ponds from which zooplankton is washed to the main channel (Nielsen et al. 2005; Humphries et al. 2006; Czerniawski & PileckaRapacz 2011; Czerniawski 2012) . Additionally, in the present study, the flooded meadows and riparian zone of streams (after the forest section) were densely covered by vegetation. According to most of the authors, the macrophytes cover of the bed is a very important factor which determines species richness and the abundance of zooplankton, especially crustaceans (Welker & Walz 1998; Thorp et al. 2006) . Thus, because of the presence of small stagnant water bodies and macrophytes a higher abundance of planktonic taxa was noted in the meadow sections than in the forest-sections. Ejsmont-Karabin & Kruk (1998) also observed a relatively high abundance of littoral-planktonic species in streams in the forest-meadow area. The occasional presence of planktonic rotifers in forest sections was probably caused by their washout from some puddles and small slackwaters. The plankton assemblages in forestwater ecosystems occur in pools (Smith et al. 2001 ) from which the zooplankton is then flushed.
The presence of cladocerans only after the meadowsection could be caused also by the occurrence of slackwaters, floodplains, relatively large wetlands densely covered with macrophytes and people-made ponds (Nielsen et al. 2005; Humphries et al. 2006 ; Thorp et al. 2006; Casper & Thorp 2007; Ning et al. 2010 ). Below the meadow section only three species of cladocerans were noted: Daphnia magna, Peracatha truncata and Coronatella rectangula. These two chydorids are littoral phytophilic strongly associated with macrophytes, although C. rectangula can occasionally appear in the open water of lakes (Rybak & B lędzki 2010; Van Damme & Dumont 2008) . Daphnia magna is a planktonic species preferring open waters (Pirov & Buchen 2004; Ebert 2005; Rybak & B lędzki 2010) and its presence in the stream was surprising. However, near the meadow-sections or near the streams there were a few small, shallow people-made ponds, some of them directly connected to the streams, so it is quite likely that cladocerans came into stream from these ponds. Czerniawski & Pilecka-Rapacz (2011) recorded that small ponds, connected with streams are significant source of crustaceans in the main channel, especially cladocerans. An interesting question is why D. magna occurred only in Chojnówka, although all watercourses are in the same region. Perhaps this species could come from the nearby pond which is covered with Myriophyllum verticillatum, not negatively influencing the life history of D. magna (Cerbin et al. 2007 ). In August this year (2012) the state of zooplankton in the pond near Chojnówka was checked and the non-abundant presence of D. magna was found.
Noteworthy is the presence of copepods along the entire length of each stream, even in the upper part of the forest section. It seems that copepods could pass to the main channel from the puddles and small slackwaters or they were able to persist and reproduce in the sections where the current velocity was the lowest. Czerniawski (2012) observed the same pattern in the slowly flowing agricultural-meadow stream, where copepods occurred from headwater to the mouth of stream. Moreover, forested headwater streams are intimately connected with the terrestrial environment (Hutchens & Wallace 2002; Wallace & Eggert 2009 ), e.g., with moist or wet leaf litter from which copepods and other crustaceans can be washed into stream channel (Watson et al. 2011) . Leaf litter is important in regulating invertebrate communities as well as macroinvertebrates and microinvertebrates (Hutchens & Wallace 2002; Wallace & Eggert 2009; Watson et al. 2011) . All streams in the top forest-section contained a lot of leaf litter that caused also an increase in dissolved organic matter downstream. From among the copepods, Harpacticoida were present in the entire stream. But this benthic group was probably detached from the substrate by current.
Except for discharge, the other hydrological variables did not have so significant statistical impact on zooplankton abundance. Nonetheless, hydrological variables played an important role in the shaping of the zooplankton communities in the streams studied. There are many authors who claim that the most important factors determining the communities of riverine zooplankton are hydrological conditions, especially discharge and current velocity, unfortunately, the vast majority of this research relates to the larger rivers (e.g., Vranovský 1995; Basu & Pick 1996; Lair 2004; Chang et al. 2008) . Although, as mentioned in the introduction, there is a few works on the impact of hydrological conditions on the zooplankton of small rivers and streams (Campbell 2002; Czerniawski & Pilecka-Rapacz 2011; Czerniawski 2012) . Depth and width of streams are correlated with these variables. When stream sections widened, a slowdown in the current velocity was noted. Additionally, when stream depth and width increased, a higher number of new species could get from the wetlands, puddles or slackwaters into the main channel. A few authors have reported that with increasing river width and depth, the density of river zooplankton also increased (Walks & Cyr 2004; Czerniawski & PileckaRapacz 2011; Czerniawski & Domaga la 2012) . Richardson (1992) also observed the highest densities of drifting zooplankton during floods. This author reported that flood waters acted as net importers of zooplankton into pool regions. Additionally, Walks & Cyr (2004) have found that zooplankton is rapidly eliminated from shallow outlet streams, because the depth of an outlet river determines downstream zooplankton community development. Moreover, in the present study, in the forest section, the number and abundance of taxa rapidly decreased in summer months when the volume of water and discharge was much lower than in spring months.
In running waters, significant correlations between inorganic nutrients and zooplankton communities have been rarely observed. Czerniawski & Domaga la (2010) have found that in small watercourses, the rotifer abundance may correlate with the chemical conditions, but this applied to outlets from strongly eutrophicated lakes. Moreover, Kobayashi et al. (1998) in the Havkesbury-Nepean River observed strong positive correlations between the zooplankton community, conductivity and total phosphorus content. In the present study, in the meadow section, the positive impact of inorganic nutrients, pH and conductivity on zooplankton abundance, especially planktonic taxa, was observed. It seems that the abiotic conditions of meadows, and consequently, the conditions of wetlands and slackwaters, influenced the abiotic conditions of the main channel. One of the main factors shaping zooplankton production is the primary production, e.g., algae production. Small ponds could also enrich the stream water with a high content of organic and inorganic nutrients, which was responsible for the lowest transparency of the river in the meadow section because of the highest content of suspended solids. Therefore, it is reasonable to expect that the effect of the variable physicochemical conditions on the zooplankton was exerted not directly in the river but in the small slack water bodies near the stream, in which zooplankton had good conditions for development and from which zooplankton was washed out to the stream. In these water bodies, high content of inorganic nutrients was responsible for greater abundance of zooplankton by increasing algae production being the food base for planktonic crustaceans and rotifers. This pattern is observed in stagnant water bodies (e.g., Kuczyńska-Kippen & Nagengast 1996; Dodson et al. 2009 ). The fact that the streams were connected have connectivity with the small ponds, affected the phytoplankton and zooplankton community composition in the meadow part of stream. Thus, cladocerans were observed only in the meadow section, because they had some diet there, in contrast to the forest section, where no food for filtrators was present. Moreover, Swan & Palmer (2000) have reported correlative evidence that the population dynamics of stream meiofauna is related to organic matter availability. Judging from the importance of orthophosphates as one of the environmental variables, it can be assumed that also leaf litter of top forest section does play a role in downstream meadow section. Leaf litter breakdown is a key process providing matter and energy to communities inhabiting many headwater streams that flow through forest (Mendoza-Lera et al. 2012) . Headwater streams are important sites of nutrient uptake and help reduce downstream nutrient loading (Wallace & Eggert 2009) .
In relation to the CCA, it should be also noted that the abundance of zooplankton in the sections examined was probably correlated not only with the selected environmental data. Both axes of CCA explain inconsiderable percent of the abundance variability. That implies that there are also other unexplained factors, e.g., macroinvertebrates that are potentially influencing the zooplankton communities. Some authors consider benthic macroinvertebrates, as limiting the abundance of zooplankton (Taylor 1980; Chang et al. 2008) . The study of macroinvertebrates composition in the stream examined performed ten years ago showed that the abundance of macrozoobenthos was in over 80% dominated by Gammaridae (Czerniawski et al. 2007 ), which are not predators (Cummins et al. 2005) . The only predators present in the streams were Coleoptera and some representatives of Diptera and Trichoptera (Cummins et al. 2005 ), making together not more than 13% of total macrozoobenthos abundance (Czerniawski et al. 2007 ). Perhaps these macroinvertebrate predators affected the zooplankton communities.
Finally, it can be concluded that over short distances (ca. 3 km) between the upper headwater section and downstream meadow section of streams, significant differences in zooplankton communities were observed. In the upper forest section changes in zooplankton communities were slow and a rapid increase in the zooplankton taxa number and density was observed in the meadow section. It seems that conditions of the riparian zone of the streams, e.g., presence of leaf litter, pools, slackwaters, wetlands and surely the presence of small ponds had a great influence on the spatial distribution of zooplankton along the stream, from its headwater to the downstream-meadow section (Schram et al. 1990 (Schram et al. , 1998 Richardson 1992; EjsmontKarabin & Kruk 1998; Kruglova 2008; Czerniawski & Pilecka-Rapacz 2011) . From these small water bodies zooplankton could get into main channel. Equally important for the development of zooplankton communities were the hydrological conditions of the streams, low gradient of stream bed, longer water residence time and larger surfaces of wetlands and slackwaters which were favourable for zooplankton in the meadow section. Ward et al. (2002) have suggested that management of stream lotic-lentic ecotones should be an integral part of river protection and restoration program. The more so that the upper sections of regulated streams offer for downstream significantly lower densities of microinvertebrates than unregulated and pristine streams (Watson et al. 2011) . It can be emphasized that protection of riparian zone of headwater streams positively affects the zooplankton communities and has great influence on downstream food webs.
